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(54) METHOD AND APPARATUS FOR MEASURING SPECIFIED GAS COMPONENT IN GAS TO BE MEASURED 
(57) Abstract: 

PURPOSE: To realize continuous accurate measurement with high 
response for a long time regardless of the oxygen 
concentration by introducing the atmosphere in an inner 
cavity, controlled not to have any effect on the gas component 
to be measured, to a next inner cavity under a constant 
diffusion resistance and then measuring the gas. 
CONSTITUTION: A gas to be measured is introduced through a 
diffusion rate- determining path 12 to an inner cavity 6 where 
the partial pressure of oxygen is controlled to a level low 
enough not to cause reduction of NOx by an oxygen 
concentration control means, i. e. , an electrochemical pump 
cell 56. Atmosphere in the inner cavity 6 thus controlled is 
introduced into an inner cavity 8 communicating the inner 
cavity 6 through a diffusion rate-determining path 14 and NOx 
is reduced in the inner cavity 8. Oxygen produced through 
reduction is pumped up from the inner cavity 8 under reduction 
rate-determining conditions using an electrochemical pump cell 
58 and the quantity of NOx in the gas to be measured is 
determined based on the value of current flowing through the 
slectrochemical pump cell 58. 
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*<t>©a*aas*-r<5«aa:tfxa#*as7S£ttfl- 

y . «aa#*+<©a«as#**«*£*ft* «* a ic 
Lfc3«saai= lt. *aa>aaa#*#aami=aa 
z*itzm-<Df*i®Qmt ; a*aa#:K&&amj:y. 
aB*aa#xrt#*a*?*aa#x*, aaa&aa 

t ; »-a>a«-f3i->e»ttiii(*:«»aic*ii=ttLr 

IS It &Hfc-»©M4» 6 * ft aA4t¥tt-tr Jl* I* 

r. aoaam^ a>aai=j:y. Mien-©?* 
s»^BTi=«-r-5aiR©7K^e>ys^«cLv mm-on 
sp£a©f*BSi«t»a>aa«-EE£s Biriiiaais 

■e-Lto*»-©a«*>^ai: ; i?ufB3l-©rtgP£F7r 

i=aas*ir*«a^©Maffij5r4: ; suiem-©rt§s^ 

^m-r * ^mm&mftMMm: t l rait & *it 
-^©asA^'S-saa'fb^M-fe^^ffl^T. ^*it>- 
s*a>aaH^©aaf=«fey, BuSBB-rortSP^pjrrt©!! 

aEaaa#^a»*«a5E7batt»«**i»4aa 
a)ai=«»Lr. BJtz©i«j«ffii5H>jfl)|ffl«ificffS 



[0 0 2 3] C<0J:5***WI=fie5a!l3t»«O 
[0 0 2 4] £fc, C©*SE«l=!S65a3t««a)f6<0» 

So 

[002 5] Eir^fc. **Wlc«65aS*«0!>»*L 
i*ifc©B«©— 3ir.tJh.ri. gaEm— Xtfm— ©B3I-T 

Mt^^ru is-trv-y-^Tir. mifsm-ai^m-rortgp 
[0026] fu, frfrz>*&wo>mmt£E.<Dmmti: 

(Dfttt^mtztix. *zizmszn-<DMm#>zrw-m 

BfflKDSStfca^ -ttC£:i<Drttt£19r££*i-C\ ^Clrfij 
[0 0 2 7] f Ltffc, *a5Ki:«519S^S©ffe© 

miz-cmtfLtstitzV. WLMtmtez>Mm-<*>m;m®Lm 
[oo2 8] *6ir. *mw\z$L5m&mmiz&ix 

I*. BtrEHz^-y-^lrfclfS^S^raoBBOSPrtlr. m 

i*. frs^— ©rtSfl^iSrrtatf/xiMflsm— ©wsp£ 

[0029] ao^r. **w©±Eufca3t»«©»* 
ut^tucfe^fi. frEm-owgp^fijrRi/iuEm-© 

B*. BKBIfCfciBBtf. fcWlcJSB**.. ztilz 
<feoT. ttHS^XOSgA^LMg^lrfcLx-Ct. SIS 



[0030] *fc. *bkic&oti*. MELfcPSS 
»iftt*+tfc-fe>-y-*^*fflLV B-fe:/-»HR*l=Rl+fc 

* : T-fl!)-t*:«i6rtl=ait6#ifc. *t-SB<0*«S*fX?*tt 

ffiiniicaa-r**-©rt«ffiflirt. (b> stis^x 

B&BMJ:^ f?r5g©ffi«fcigfci©Tlc. BBBSHetfX 

tttkita^st. (c) Mist v-v-b^o-wuba 

fcl4J5(fil::KI+&*u W«lrmrEtt»36<E**tr<i:** 
—(DfoU^Pftt. (d) flE!g-©WSi5£fi)Tl*3©#?HS. 

tt«»iS*at, '(e) mE*-OI*J»ffiBfAUfWESS 

nft^at. c f ) mu±>-y-m : f-<DMm'(*>mmte.m 
i*wm&tz\frizmLxmftt>titz-*t<Dnmfrz>i£Z> 

B«Hb¥fi«Hz;u*m*T. **i&-»a>«ttl«^fl>ii« 
ir«fcy, mt&m-<Dt*iu&mizfijLxMm<D)&*i-mL& 

tt*-<3!>i*)fflffiBfa>ln»«*Ti=*»L^ 
r % KiEttai £ a<BB n ir S7c7i m itsm £ *i» « 

t. (g) 8»E-tr>-y-«^©K«-f^>feS1±@i**S 
^lft-fe;u£ffll^T. »©*ai«^©a*lr«fe 

l. ^frii#it*©st»Ej. ism-©rtSi5^m© 
jn«a«T ic fc i \ r . mzmmz -c bebms # x 

sR*a-TJ:5l=Lfc»^<OM*JK>^fa:t. (h) IS 

[0031] mmiZi *^B^r-i*. -itm^7t>B9i3m 
^mms^^x—i^mm. t $*ifc-t* 

^*»*a7c«5i*»»ia-L«>. *o>mizm±-r&mm 
**«3S-r*wti=j:y» sais^*x^©^as*'x^ 

3 irLfcUSSSB-CfeoT. (a) K-tz 

#«ffinBi-aa-rs*-©rt«ffiSrt. (b) ^ans 



(c' ) ffiffi-b>-9-*T-a>-#«JSrti=. fifBm-<»W 
©rtSi£fifr<t. (d' ) K^-(Drtg|5^R(rl*3lc?E«$^ 

=.a>*m$m*fkt', (e) fiiBm-rowas^msi/fi 

ttiftf^Ii: dftl^m LrSltbHfc-«fl)Hi^b 
Ll£lM4;iR<?*Aft3:^&lV §Slr;-©l*3S|5£fiiTl*3©#IH 

*i*Br3£©«i*tti=H»i*Lto**— ©»*jK>^#k 
<t, ( g ) Biria-b>-9-m : f-(o^'f7i->e« , tt@tt:ms 

m»j|«Tic*iL*r. «rE*«(=T«rEtt«je#;*.jfc$i' 
©rt»ffi8rw©*Hft*i=#ttr*ttS!is#xj*#*ii 
jR*ai-rj:?i=Lfc*^©iMii7K>^#ai:. (h) m 

[0032] fcjs. *^$**BWI=tt3«56««©»* 
<b^^z;u©-^©gaP^©iima£*!l8>-r-S c t ic 

«fcy. BuEm-©rt^£mrt©#Bm^©i!*#I±£$i| 
5 l=*dt**u -ftl-*fcoTm-©rtSB£fi>rP*3 

[0 0 3 3] *f=. **Hl::f£5SJje««<Df6©#3jL 

])r£ttl**£ftl=. I5S*:tfX#££f3ri:iiuESs-©[*) 

-ctsit'bftfc»*ma<t:. Km-<7)rtsp^fi»rizes-r-s> 

SUb^M-tz;UcT. fl&GBX&Ettm¥&fttfltj££*u 
Suffi-tr v-y-M^O^SSMSSfelc L^r IB P it L © b> 

ft. »BBn»*ai:T*aj&«ttsiw;*fc LTttMwfx 



#i££filrl*3 l= * * Aft b ft -5 * => l= o T t \ h . 

[0 0 3 4] *3BW<oa*Ll^»»0!>— 3I=J: 

fttf. ttE*^©»*#>^«l=*5ltS«ftfl:¥fl«J-tr 

;n*. mum— <»mu&ffitmi&m±' to) 

tt:«fWI=»Lr»it6*ifc»=©*>^Mii^6« 

Jt t «nBa*»Ettaj*afl!)«aft*M-b;n= *> it * a 
ft ^ Hfr am-(o # > ^ma t utrEsma insist 

£ftTl^-5©T*fc-5>o 

[0 0 3 5] **WI=tt5aiS««©*fiJ<Cl8«©-0 

i=«kfttf. «rc*^©»*7K>^s*«rtr-6«ant 

^M-fe;u©. IWEJ(r-©l*lfflffiBflcEia:*ft*«rE*- 

©TK^^ai*, «rE*«tn-t**tr*jy, ttcs 

ftXg©flSBS^b*<gie>ftTt^-S)o 
[0 0 3 6] fit, *3BM(=33t^T-, -£•©«£ 5 fclg- 

©7K>^aai*. *spji=i4, jfflEe^»***-r**a 

5t £ jItc^ M 1*5*8? L » -5 &m t -tz 5 5 >v $ X 

t*^&<E**fl.R-y— > ? MCTfltJj£$ftTl> ■&©"?& 

[0 0 3 7] **BJIC^3^«©-OlC«feftl4. 
ffiTEtttttt* «rE*n©S**>^#S*«fit-rft«« 
<b*M-b;u©*-©jK>^*ai=ifi«Lr. 
rtgP^Rff P^I-iBS £ ftfc y , 3tLM4BfrEH— ©KJR*K> 

l:«ILT. Rit&ft*cttft* D 
[0 0 3 8] $fc. **WI=fie53B3tS«©»*Ll^ffll 
«©^£:-I>-olzJ:ftl4\ buE«H&^K!4, fitfS1z>-9- 

ftrfcy. HrE*-©rtasSHrJ:yt,K*^:©l*iS?ffi»f 

3&<j:yKai=an»i*L«)6*i»*«fc5i=****i-ci^ 

C©«fc5^i0Slft¥e©Ei6lcJ:-3-C. B— ©WSP^ 

[0 0 3 9] Sbl:. **W'l=tt3a36SI«©»*Lt^ 
^<7)M'S:-5te©-o|c < tft|*, WE*— ©ffiSk»*^ 
S(=fclt€»l£St«taA^ MEm-©ffiSfe#iS^SI-fclt 
46£»t£fetcfey : t^:#<^ftTfcy. cftrzJ:o-C^--f 

•5©"Cfe-5 0 

[0 0 4 0] Elzli. *X9H=%?atig&a©4i?iJ&ffi 
^©teOT-oir^ftlf. a^^fc^.. fS^BH6**r 



NOx. CO2 0(05*. 

[O O 4 1 ] 

mfttfimm • mmm kit, **h£w=*«:mi::9i 

[0 0 4 2] Sfc-r\ g] 1 Ri;g]2fi. *96WI=li£?a5e 

Se«u:«-&no x-b>-y-a>ft*Mfc— w^b^iar 

[0 0 4 3] ^ft'bCDIIllCfcl."'^ 21*. SSfflgfcg^O) 

21*. H2*yw6^<t*n<. e««ft«<oittta>ift* 
-f -t is&.m&oimww&m.m 4 a . 4b. 4 C . 4d. 

ZtlXl^o fcfc\ #lftiitl4a~4eli, H*t 

ro— »«5t<D-b^-y-^2i*. vtmtmmiz^x. mm 
i$.o>m#nmss<»m!§®>$-' mm? z t \z & y . 

[0 0 4 4] fit, A^-S.-mtjtcD-b>-9-^2rt 

^m6Rism-<D^^m8A^ m^^mizmm-a) 
nu^m s *<{£Mf & * 5 iz LxmmizmmtHxi^ 

Ltzmmizis^x. &mi5*&&&mt ltcosi^s 

#AM1 0A<-tz>-y-m^2(DS#^(S]lcMi;'5=fc5l- 

falter. $fc^*^a«AiiKi oi*. -tvy-nt^- 

2 CDftpPfflCOSSSiSICfcL^T^Cl L. AgUCjlill* Lit) t> 

8Si;i*^iAMi of*. mwmmmm4bizM 

cm^^cti^oT. mm-w-wa±izGLm?- & 
ftmztn^xBf&ttixi^e n-<Dft®£m6 
£fr\-$L<D&mj£i3*&&£mizmmitLtb&. m-vm 
mw&5-mzz>m-<D&mmmm$&-i 2#. @i*tii 

iis&i 2^jiii:rfi)TSo>ffiix«ts<73Tic. t\.&o)&m& 

ic. m-cop^si5^RFf6 t%~(D^s.m8 tv>m\z<&w. 
■r^mwmmmm 4 bailor. ^^--ocDrtSBSRfr 
e. 8 s^a-a-i, <*>-£>. m-rotttitft^sfc-sm-fl) 
ss«fc^®Ki 4A^itf.+Lrfcy. z&m-o&mm 
nisi 4$iii:r. m-c»p«q^RS6 W(D#Ha*<. 

[0 0 4 5] @f*lill4 ann-COPiU^m 



6puzmm.irz&ft\zi£. ttiizmLx. mm&(D& 
itt,*x. Micsw<pijmffii 6iztvfc-fz>®#.nmnm4 

8A<^itt.^.rfcy . *tit>nm-i 6. i8t@»ts 

SJ14 a £lcJ;o-C. m-ro^7tO^Sir33l+^,« 
SHb^fftizJU. in*,m-(D«^b^M7K>^-tr;uA<«/a 
SftTl^o Sot, *^3m-rom§Ub^W*°>:/-tr 

;uo>-^<Dmsi 6. i s Fail-. na50) pi^m;m 2 0 IC 

SP(D^Si]^^X#^^l-jR^t±iLfcy. sUM*. -e+T. 

6 wir js^A^xfc y -r & <t o i=<t r ro-c? 

CCT'I*. ^SPtSglt mS^Si: 
Ltfl)P tt-tr^S-y^Xt LTCDZ r 02 tfr£>&:.?> 

[0 0 4 6] $t>(=. @MSlf4 cCOfS-CDF^gfl^ 
0r6 WIcRM-f -SSfl^lrf*. -HxdfgLT, JgffcHfcttcD 
#?LMP t §HA"t>J5£-5>»ISf£fi2 2*<^ltt>^T^-5 
Kg(*«PSJl4 c ©Sm£SUSAffiS& 1 Ortiz 

ofXHDmm&m.toraommm&miz&'i^x. mmm. 

Mtt2 6lcrii|S-r -5>Ci:lC < t y. ^A^m-rowgp^ 

««ai2o<o«sA<w»**i» uir«-©rt§i5^R?f6i*3 
[0047] Mic^fc. m-a>f*i&&m8pnz&mi-& 

cfedir. @<*m®SJl4 c Jilcli. -E-tul-ISLT. ^© 
ff^rortgp7K>^«S (»-ro*'>^mS) 2 8*<isit 

b^TLN-i>o ZC0rta^>^fg2 81*. NOxJiS 

rm— owgp^Hif 8 wa)#Hm*ir#.ffi-ri. n o x £S 
ttL&m&No xm7zMmtLxmf£?&-j5. &m 

zfmw 2 4t(orBiics«ES3i3 o«fey-^mffi*<EP 

am+a)K3B**it^st3SAaKi omz^mr^o 



— 3t LT*«iigu c(D&mmm2 4tmu^>zfm 

V^-b^^mfifeLTL^-SOTT-fe-i)., fir. z<nfgib 

*W*>^-b;u, »s-*-*Ltf*n©ii*7|«>^sa)7K 

EEm3g3 01*. £— oftttMt&iiB 1 4lz£&ftm£ti 
fcN O x SiiATCifc^T. n-OnMit¥Mtit>Zf-tz)i, 
lz r (75 N O x #ffimz±m L fc^*(7)7H > tf >^*lc^ L 

[0 0 4 8] fefc\ -tz^-y-J&^rtici*. BteWiSKB 

4 c . 4 e IZ«**LB.OH«:*«KJl4 d ICT=^*<H 
**lfc»JBI=fcl^T, 7;U 5^-^)1 3 4A<— t^WICfS 

is$*urfcy, Lt. ;r©r;us:J-$6f£jf 3 4fljc. 

9l&frZ><D&miz&r>xn®itLthZ>*l& t— $ 3 6A< 
iHS^Tl,^,, C©t — -Si 3 61*. H 2 UlsS^JiSJn 
<. *>1^T-2©jfcMffl|(;:tfcB*£*=©rt«S£Br8- 

ffl i-fggf l r ists £ *ir y . m-©rt giJ^pjf 6 «t y t 

I*. ffiai^**A©**^.;gJgA<3 O 0°C~ 8 5 O'COTbI-C 

4 0 0°C~6 0 0°CI;. £fcf£^©ftg|5 
Sfi/f 8rtO>P*ga57K>^^l2 8 7OO°C~9 0 0°C 
IcJOga-y-Ltfi^Ji&J:-?!::. t — $ 3 6 A<IES£ ftTl^ 
£>©T?fc-S, 

[0 0 4 9] fUT, C©£-5&«fJ&©-tZ>+Hit^2l:: 

$tl-S<75T?fcy. CftlCct-oT. SS'l^tfXI*. 
if^2(z|Sf*£;h.fcSg-©i£lx**i£iISSl 2jlot. 

»;H^**xi*. £-©SfUb^ltt*">:J-tr;u£«j*-f -S 

1 6. 1 8F B TICfifrg<&mi±*<EPAn-t±Ltob;h. 
(+. -t<Dll*»BE3&<Hraa>*, 0-6 a t ml=« 

[0050] tc^t, A^sm— ©WSP3£S?r 6 !*)©£: 
HS*<Dam»EE^Rfr^cD-^fitlcS-3lcl*. ffi&-&& 
£51::. J; < Si b^t'CL^'5>^'-JU>x (-©iEl-S^l^T. 

2 4ta>im©iE«ij**fiatf2 6i=ri)ffiL. 

^1*2 O 3 mV (5 0 0"C) J: 5 IC. SI-©* 

(w^mai2o) t«w-r*^s;&<sffis*u c 



Br 6 1= & I* •& Br SttXSft <t i ©M 

ttflkHifilBi 21*. ^-tz;ncm 

£LTL*-S>„ 

[0 0.5 1] t£-©F*jSsg?jjf6i*ji::*>i^-ci*. 

«G>*»36#^I=J:*1PJ». Ml-I*fc— £ 3 6 1^^-1,^ 
IRIMtTfcfcl^T t . niHVfil 1 6 *>fl£Wi 2 2 |CT 
S?Bft*©NOx A<il5c£;ftfcl^i!i#ST©#®. m 
X.f*NO-M /2 N2 +1/202 ©JSJSA^C "b&l^ 

*©NO x A<ii7c£;h.-5<b. m— ©rtS&£f9r8l*]T?©N 
O x ©jE^&;lJ]SA<iii*&: < fc-SA^Trfcy . d©£l* 

;KOrtfltSl 6©fi£#) IctNO x *<S3c$*L&fcl* 
ttifl J3E-T -5 >&mi*& 4 ©"C & -5 . 
[0 0 5 2] ^CD<fc 5I~ LT\ m-OTWfi5^R)T6P«q|Zfc 

i*T BXftEtfftffli s *ifctt«is*f^ I*. * - ©ffiiMt 

g2 4t©IHI=. ^*A<m-©P , ^^RlT8A^f 5 *^m 
iAI»l OfflII=sR*ffl**L«*lRll=» fifr^©SEE. 
X.I*4 4 9mV (7 0 0°C) *<W»Q1+ L#> C+L-S) C t (C 

.tot. a*©7K>ei/^fflt»it. ^+tic«i:ym- 

©F , qg|5^m8ICfel^rl*. ^ICrtgP/K>^a@2 8<D = 

O-10 a tmtfcy. NO xaTcM*!.!: LTt«8t^-^ 
SF*9SP^>^S®2 8©[siyiCfeL^T. NOxA<Stu$ 
+L^>tt®. miJNO->1/2N2 + 1/202 ©SfS 

tfmmztizvtsiTiznnwztizax'&z. c©^. m 
-©«m^b^W7K>^-fe;nc;7it^.i,a3iti±. m-©p^gp 
mm8izmfr*iz&mm.<p<Dmm&m. sn*,m-©wsp 

ic-c N O x A<a7c$^T^'±Lfc^jlSi:©?Qlctfc#5 
L/rfitt'5:-5©-Cfe^A<. !£Si-©flg&£f5r 6 (^©H@ 
SiIt'©^iS^I*-^l-flJ^l$^^rl^-i)i:C?,A^^,. *x 

A\^m-©ma^6<i*°>^-tr;nc3Stti)S5Si*. no 

x©;SSlcJ±eiJ-r-i.Ci:i:^i), f LT, -^©NOx© 
SflEI*. S-©ffi»#^llKl 4lrTf?K^+ii)NO x 
©ffititSlC^l£LTLN4©-efcy . ^<LTNOxSI 
©HS*<DlBgi: Jtf i>©-efc^o 

[0 0 5 3] gijK.I*. m-©P t 9S?^fi'T6F t 9©^@S4 l © 
K35SS*<0. O 2 p pmt. ffia?S*"X©NOilJgA< 



■M&S 0 p pm<tm-<£>F^£fi)T6 (^(Df^Bm+OT^ft 
IgO. 02ppmt©fP: 5 0. 02ppm|:fflSf 
•5S^A^ft-5C<fcl::&&©-Cffcy. Sotlzffllg 
fb^ M > ^-tr IU= If -5 *° > ^«3it<a I45§ if A< N O # 

[0 0 5 4] CCt', *f§B.S©IIiS£. S24$#BB.L 
oo, MI-PL <lSB^f -So C(D12 4|rfcLNT. &$J 
3£:tf7.l4. ft-©ttttffc&aBi 2^Lt. *-©rt 

fiH-ftHa^So fir. *©i**#E*<*i»**i.fc* 
i=ss[*i-s«gstti=* y . ikassirx*© n o x ga^us 

[0 0 5 5] C©^j£-CI4. N O x ;«g : CnI4. Cn 
= K ■ I p3 -AT'^tob^l^),, ML. Kli!gg&£&. 
I P3 lift— ©«5Mb3SM#i/:7-feJU5 8lcg&h.5*3!E 

<i. A«»-©i*jaiffiHf6i=»H-r'&**a>K*i=fiH 

-r^^ifcT-fe-So CCTf, I p3 14. -t<D*»»3i«tta 
S^ + 0)N O x jft&ftt Lt4iL fc»*l= J: -5 * 

©r-fey. te&a>£&i=ifc<<, atais#;* +©»*!=* 

Lfc*»-C. ««<0NOx*-Cll|gA<a 
^ffi*6i©-t?£>-£o fc*S. MgP^RfflcBi^^,5>mffi|C 

LT«it&*tfcnfflifl!)«a(4iM6*atami3iE-&*i8 

[OO 5 6] 0314. &(*3§&£j3H-fclf 

rfcy. ^fc-f-CT-14. 1 4 0 OtfflSSt. Zr02 
««t*l=H*«***tfc. Z r0 2 tP t ©»Slti< 
4 0:6 0©-tf— > y «05P t S&<t. Z r 02 £ R 
h ©ttfglttf 4 0:60 OJ-9— > h#© R h O 
ivc. •£-+ie.SS<0Km»BEtigglc«-ri.NO<Dil5c 
■ttA^^+tTL^-So ^©BB3«feyffl&*x3EE«fe5l=. Pt 
Bg(i. S;£g. ttttXa-STl*&l*£. il7cttA<3£St 
L£lMDlC*tLT. RhS<II4. S;gg. ISiMf 

[0 0 5 7] *9EWIi. ±i£©<fc5£14H£?iJffl-r-2>t 
©T-fcoT. «-©l*J»ffii?r 6 Sg. 
^<*Wlcl4m-©rta5^RFr6F t 9lrKM$^.i > p tWM 

(rttumsi esi/s5^ms2 2) . gp*,m-©m*i© 
mizmm. ss^ft-s. 09*14. g^©$a< . m-©ft 



1*. saii^**x©*xsg*<9 oo°c (gis*©sm;tf 

ffiS6A<6 5 CCKTFI-fc&.fcdlr. t— $3 6©IE§ 
^**j5<ll3E**l-6a)Tf*4. fit, Z ©»*#£# 

1 0-6 a t ml=tWP**tfc«aiS#Xl*. 

C©Jg-©rt»ffigf8l*i-CJ4. F*9gP* 0 >:?«*I2 8<hS 
2gS*I2 4 t©reTIC4 5 0mV©mj±A<Epiro$^.. Ig~ 

fcB£:fx. *^-5rtgP7K>^mifil2 8 © =ffiJ?®©&fff# 
JEI4. B1 O-10 a tm <rt«M<>:?««2 8 
g2 4t©0©gfW4 5OmV|Cffii) lcf§:£$;h, 
•So iffi LT. El3lc^$^.Tt^Sa< . WSBTKv^g 

2 8t'£^Rhtg. iP*>Sg— ©Bgl4. 1 O-10 at 
mT?©KIR»ET-ei4, 4 1 0°CJa±T?NO^S7C-r-5 
CitflH*. £f_IS-©rtSI5£f5r8. *{*WI=I4*-© 
««fc*fl«M<:/^««2 8©;£gl4. *ai£#*<D*r 
XSSii ? 3 0 0°C (giiim©Sfa**X;ag©Bgg<6;a 
g) T'fcZkZizb. 4 1 CCliLhirk-SJ;?!::. t- 
$ 3 6©Ea-V>«*A<KS**trL^-6. *"< Lt. m— 
©«ffifc*rt»7K>^*ffi2 8©=4B*ffi-ett. NOA? 
i&7i;£;h.. f LT. *-©a5cl::«fc4Bft*©l6±l::«fcy* 

asi<3t*i. -e-romsgfflA^N o©;igictt0"]-r * c tts 

-5>©T?fo-5o 

[0 0 5 8] oSy, J:ELf=*-©*ft«l=*Jt^T 
(4. ©«SP^Bf6rt©g^BE*<1 0-6 a tm[C. 

*fc*^.©f9»3SBf8. fti:i«)»*i/^|g2 8 (*- 

©m@) ©HftlPffi©M*»ff36< 1 O-10 a tmlZ^m 

$^^S4^l-^Corl,^-5i:ftlc. *-©rt»ffiBr6l*3lz 

si+?.nfewflisgi 6. ;n^s*i2 2 tm— ©rtsss 

Br 8 WlcfSI+b;h.fcl*3a57K>:7Stl2 8©jggA<. gift 
»©SfS**x;gg©^:^-(bitS. 0>J^.I43 0 o°c~ 900 

< 'c©TOHlc^5L^r. wpimin 6-v>3hs*«2 2146 5 

0°CJUTIC. rtgB7K>^mS2 8I44 1 0°CIZl±ttZ& 
=fc5l-. t— ^ 3 6©SS^>-t-©m**<K^$4xT^5 
©T'fc^o 

[0 0 5 9] •fe>-9"M^ L 2©ggl4. t — ^ 3 6 

©S*$SSIS**X©Sg. «*.tf8M*#xS*f::J6i: 

ttli*SA<. -|ge*)lc*^;ggl±. »«*'XI=B**l* 

t— 5» 3 6*^3fe^fflllcS-B-Tffig-ri>i:. SfcSHBtf 

j:uxai=fty-v>-4-< . mastic ws?^>^ms 2 s© 

E«S*t4JS-©rt»ffiBf8S*^itaMllc % 

1 6-\s>i5sm^2 2©Ea^*t-5m-©rta5^6^^ 

f«Sl-ri>Ci:^< . BrS©mi±^Bli!in-r-S©^r-. §^ 
[0 0 6 0] 04ICI4. -b>-t«R^I=fclt*t 



Z>* IP*>. H4fCfcUTI4. (1 : 4. 2mm. : 
1 . 3mm. fi£ : 6 2mm(DZ r 02 ^te1g?fC<7)g 
SmUOttttfm : 3. 6mm. ft£ : 5m 

m-cfcy. ssss : 8 Q-Cfc£&£t — S £. SIT* 

iffi^t) 1 mm- 6 mm<D#Bl^<fr^^^&£ir >^ 

£. e«i*a)#ft*fz»yf*(t. ^att»^i:i 2 

V(7)mJ±£EPflDLT. 3 O 0°Ct 9 O 0°C<Dm%1S7,\Z 

[006 1] C(D04^t,BJ^AN3S < fe5lC. SMttfXO) 
tlSJt : 9 0 0°C"e. t>^^0)6 5 0°CJ*LT<h&: 
£fi:Bl4. Ifft^b5. 2mmlSLJiO>fi«-efey. 
dCDfflitlr. m-CDSffi (nflf*«1 6. 3H£*«2 

2) £iEg-r£-:£. 86*^60 3 0 0^4 10 

°C)^jL<hfc:3tiLM[40~6. 2mm0i4I-efc^^C^) 

14. t-£<7>m* (jftttfit) . (ft*) . 

[006 2] -f-Lr.* H5(r(4. ±&LtzNO x^ll/+}~ 
lztert&Nommt7t;^zfn%ife (ttttRJMISktt: I 
p) 0)H«*<*S*LT*>y. ^-T'te. NO«K(D£fl: 
icfcfU tK>^*3IE« (I p) r*tt«MfcJMbLTl* 
4. fi£oT. frflv* I pl*I8t4CfctJ:U, 

13. NOiIS*ttS;:ia<Hi*fta>-l*&So d<D±i^. 
NO = OppmO)B$0I pflttO. 03//Atfe^ f 

a)rtgBSnff6rta)|?Ha*<o^SS : 1 0 

^1S2 8<D = 4BIFS0)tt%a& : 1 O-10 a t mt0 

& 0 C0)7K>3fS9tr4. ®S : 30//A/2000pp 
m=0. 015// A/'p pm$-#£t-r4<h. p pm 

pm<DNO;SJtiy£l3(4. Mill <t LT RSIH^ fc*J» 

14. m— OrtSS^Bfert^SHa+tD^^^JE^, NO 
TlfSrtV l£lM4m-(D^g?Sm6rt(D#@m4 3 <7)^ 

[0 0 6 3] Sfc. B6fCJ4. ^0(7)rtgp^^(Cfclf4 



2 8<D=4a*ffi<D»SW*EEJ&^ *fC. I 0-8 a tm|Z|£ 

saF*iTi**. fit, m-<oma (n«*aii6Atf 

DS1S2 2) f44 9 0°CJaTIC. %-<D^m (M«tK 
>?1S2 8) 144 3 0 o Cisl±IZ&5 J:5IC % t— £ 3 

[0 0 6 4] C(Dcfcaf3*Ji3*^fcNO x-fe>*fcj3l+ 

4Noa«t7K>^«3t (i P ) tomm^ muz^ 

tm-(7>rtg5^Hfr8rt[cfcMt4m-<7>SS Cl*J»*>^ 

ti2 8) a>=a*Bo>ii*»Et*<ni:«i=iBgLr 

£>££c;E>7^b. N 0 = 0 p p m(Dt #<7) I pfitf4. O 
U A t ^oTt^OT'fe-Sq 

[0 0 6 5] ^/c. H8IZI4. K*»Ea«*ffiJP»jg 
aa)W»(r«4« = (D^:i*«IA<***lT*5y. fCt 

(4. »--o>*a tnnsi e. i£ia2 2) <tm- 

0>«a (l*3»*>^M2 8) AC:. Ptlffl: 

828) a> = *B*Ba>S*#EEiA<* ftlc* 1 0"6 a t 
mlzig^$+iTl>*o fit. ^-51- C0Sai46 5 
0°C*5Slz. Sfc^-<©«ai4 6 5 0°C)2l±4:35:*J:5 

[0066] $e>fc. in9{ci4. wmft&twmm^L 
j*o)«iBifc«4iRizga)*ff«36<***tr33y. ^c-e 

14. J£-(£>m« (WWtffil 6. Dtt4i2 2) tS- 
CDS8 («»#>?11I2 8) ^IC. Pt*«|C 

1 0-6 a tmlC. ^fcB— (OrtSP^m 8M0)»*»E. 
M{$^j(-(4m-(7)«a W«*>?t82 8) OEffi^ 
B0)»3R»E*<1 O"10 a tm(C. f<lf*lSeS*lt 

t^o fit, I-0)iti^6 5 o°ciaTfz. ^tzM- 
0>mW*4 3 0°C]il±<b35:4cJ:5lw. t-^3 6A<15S 
£*LTl^<D-C$>£>o 

[0 0 6 7] CCDSE3<D^:<*«lia)S'&(Cfcl>r. NO = 
Oppm^lt BU&CD&K. 7K>^«Stt36<a*L4Cfc 

iE-r4c<ti4§gtrfe4o - comes CDm^Jlz^ 
^ n o x -b ic fc it ^ n o mm t tk > zfm%i t comm 

@ i oiz7F$>h,Ti^o 

[0 0 6 8] CCD^ai^. *«W0)±2Lfcfti*«lzfe 



^-trJUCfcl+S N O x i^m~itm Ltz<$>y < m%L$:ffl%. 
tti^>tz<DX'fc&, 

[0 0 6 9] £f-. *mmzQt5m&£WtzZ>±&0>N 

o x-tr>-tncfcorii, m-o>&&wmmm (fg) © 
•ca*. f Lt. «-<Dt£«ki»ftaea)ttft«£t : di 

&$=att1im&iiB®tttt&ia : D2©§fH££. gft 
* U (cj; ftttflMCttOKIba-cr Lt, D 1 + or « 

D 2©ffl«I=!6^Lrfelttf. SStyi:«t4NOxl 

i=sc l r fc it is. g e$ y 

[oo7o] ±j£L-fc^tt0>]rii. m-©rtSP£ 

Rfr6rtlciES**v-5m— OD^S (1 6. 22) $P 

BE*$*i.'&*=©*a (2 8) SRh©-y— > -v hmn 
ic-c«^Lfcy. m.wtm-x.tfm-nw.&z. mz. 

Lt, •e©J:3*«aitJ*l=B83£S*t* : fcO!)-CliJS:<. 

©HffilCA uXliA utPt (DS±(D+)—* 

ivjtfi. Au/Pt +1— >7h S®03il7c14l±«T L . 

*i>A<. #i;ti£m-&i/m-©ms£. ftic. Autos 

i:L. S.^>ism— ©A uiS±c. Mic. RhXIiPt 
njfe'Cfc-i),, 

[oo7i] {ptfticLxt. -?*i&£-&tfft=<Dto& 

OxaSftHKS*te4*:ia>«a*JBl****l=fc-3r 
I*. Rh^PP tfffll v a<DNOxfIjcL»4#Ii:t 



Ct*<S*Ll^ 0 NOxISMSIl IS-© ft 35 

*£*iftj:3(::. Rh«fr££:&NOx37ctttt$@& 

^-eaB-B-Lftr. NOx il5cft4SS 4 2 A<m*l=*ja $ 
tlfcy LT^l^ Mir. C(DB1 1 \ztsi*XHi£tlZ 
*0*-b>-y-*-¥-l4. fc— S» 3 6*<»^©rtfipagBf8«l= 
Ett$*lT£y. *-©rt«ffi»r6«J:y tSS^Ort»ffl 
Bf8A<^jaicJnfi$+i^J;5f~5fe-3TO'5t 

nox a7ctt» 4 2 *t .j: y &aftc:lk < * a izfc on* 
•5©rfe-i>„ 

[0 0 7 2] ^fUEirfclNTIi. «jB1^**Xi:L 

r«»a«i<D»«**^*<»fttaFii-s«^r=teL^r. c 

p-V>HCH©*jKnE»©Stajfi**^ai:!S:y, NOxt 
0)SJC4<i!SK«t3EE4t^%^&» «jtlf. Si 21= 

**&ft*IMtJIMM*:3 8***Lr. K*-©i*3»ffl 
BfertCifcur* tlS^+IDCO, HC|©*M 

C©i§#. m-©«M 

<t^w?K> ?-k juoffttii, ffistagtattg- t i*s£ t «s 
y. «ais*x#H*^&»***-<Drt«i5ffiBif6i>ji= 
»y&t?*Gj£&*. c©j:7i:nt«i»3 8jf- 

©rtSflSFfi 6 izEg-f -5 c <t li. fe1J^±Tx A<^mii 
fiJ©#ffl§\.T?&ori. co. Hc^roSTctttfxicJ: 

[0 0 7 3] Sfc\ »-©W»ffiRfr6l*J^<Dttft<!t»i* 
3 8(5111*, &rL*0i|jF©Sn#3ESr3a£&gte£: 
<. «*tf. Sg-©te«fc*tSiIS& 1 2»6ISlfl2 2 
, *r©IH©H(*«»RM4 c±. BHMi. niitsi 6 
±i=EPBiltt--5-£*LTurt,&i^ o*y. ttMfetfxtf 
m-©wsBSBT8icsjs-r-5*ri=«a!S**x*©c 
o. Hc*<D*asBE»*^b*-e-*if<A^<orfe*. 

[0 0 7 4] ^fc. 5 ^fKibSl£©SISI=l*. 

i 6 l=K<b««Ett3l<**i«iMbSJi6*«ffiJS*4i 
4cti*w5*r4jEct^ »<b«»tt©<Eiv 
a u tastMiA u/p t tssffii^t. m— © 
rt»ffiBf6rt©»*»ffi»t;ja«t-t*i&*«j5E»a>ift 
<bRrtgftftfri=i6s-r*ctr*. mm$ttmz<Dv& 
•So ^ lt. ^-©^1*. no xtfrnitztiT. m$:& 
fc*itis< r*^©i*j»ffiBr8a)»«»ffi=jat^»*»tt 
ti^No xm^.izmmta^^^s.-^-t -strorfe 

-So «^.lf. 5 0 0°CT'$bH\£ 1 O-10 a t mtt±. 6 

oo°c-efc4xiii o-i5 a t mJsLtrfc*i.i*£#-gHbpr 
tEra-ijo 

[00 7 5] -e©«fc5'5:NO xH^^lcfeorii. N 
O x©I£lrJ:4NO xfi©S9S(z5feS:or. SISA" 

x*<iin5m-©wgp^fiiT6i=r^:aasM$^r. no 



Kit. WE*-«)*«<b*a«Hr;K=«t e> 

S*x+l=#**i*-K<bit* (co) *>ft<t*X (h 
c) *KD*jBflfc»0)«t<b3b*fT<c*3*i*ttl=1M»S*i*. 
COTcfcdlc-f 6 chirpy , -l*<t«* (CO) . Klb 
(HO *(D**fiR»OMft35<ff<i:*?*i. **ii::J: 

lt. NOxiijs©ai3g*«fcyiEstta-*i-ctA«tb** 

[0 0 7 6] f Lt, Ja±©=ka^;I'IS**X4 J CD*:^ 
[0 0 7 7] *fc, *J**»fl:tt«l*3 8 1*. 01 3 |= 

#*.«£©&3£;!><illd>©fci&. CO. HC©£i£^bL 
^fuEft^fc-efe-S. Hi 4ic*^ti-S5n#K<b 

mmte<r>mmm\~te^Ti*. mtpmmmm 4 a ©*mm 

|C. MI-@i*mfgJfJf4 f . 4 g£«JH±L#>T. #X 

^AS§4 O^tSlt. *a> + i=»<b*«tt:3 8*ia«-r* 
uttB*. C©*£|cli. KfbttlKft: 3 8 A<@ 1 2© 

o. H_c*©Mfl:3&««fcyffiji**i*fiJjS*<**. 

[0 0 7 8] $ "b(C. m— ©rtSi5^m8WlZfcLNT. N 

oxa^<ii!«^Mfe^m^©m4i (28) ©=fii^®© 
»*a**«wr*r=ii. sm-©ms (28) 

&-r. *-a>«a<b*w*>^-bju©*HB«ai s tm 

-©SH (2 8) £<DMf=£lvC. m^b^W/K^^-t 
8 rt©i£ffi£ tK> t°>^r-i) J: 5 I- Lfc7J3££Sffi Lfc 

y. £fc. s^cDAttSfffsnirNo xg^iig 

(2 8) <tl*. SUfl©gs§fi&.*.ti} LJ8©«ti£tSlt. 
Av& N O x STcM&mS <h S^^S 24i: ©Fff!©gm*i 
|r»-3l*T. *^A^iR<^aiLfflmg^t>*jpmg2 4<H 

!lffl©Slli-7K>t°>-yLT. iNOxi^itiliSa) 

HffiS®©S^ilg$§fl^l Lfc y t&Jj&bmm^i&X' 



[0 0 7 9] Hl"£fc. m-©WSP^R)f 6F*5©^«^)± 

ic«fc5ee2j©&aHiii::&-3i^T\ mimms.^iB^mt 

#Li6§755t©ffi. m-©«§Ub^M*°>^-tz;U©-*t 
(D1S1 6. 1 8F^(::-£©@EE£EPflD-t±L#>-5:£ie. 

[008 0] »*mS2 4ii. *m^M«A®K 

1 o$ii:t, &rLt*»i::jiMi±Lto£;ft.-ci^-Si& 
si*fc<. m-©sa (2 8) 3^&a*.tu**isia8* 

[0 08 1 ] *6I=. *«WI=fet*ri*. ^-©WSP^ 
F)T&u:m-©ffiix#ii¥-SA<. ^?L»fl:3&<**-&Ltoc> 
*l«ffiHI=TflMt£*L-t:i.vct,ALt. J: y 
m 2 ic* $ *i* -tz >-y-JK^- 2 ic if Sff? - © f*3SP^Bt 8 
Xtf»-©t£SH*itiii§i 4©«riEi=«*r. Eli 5 1- 

©wgp^Rfr6ic}g-r^«fc5i3. K*-©ww£Bri=e< 

B#ic*-©n«ffifSfa<«j*S:h.-c*s y. jarw«ffiBr» 
tfob<EfB§-lb£*iTi^5©-cfc-5o ^Cfli, B— 
©i£gx#a^e (4 4) <otttt«ttii, m-©te«x#iS 

fey. w— ©rtSP^Bf 6 i*3©f?Hm* ? . fg— ©rtgp^Hff 

ftf?Hm©§s§£§l+£:^J:3l:i£:ft.TU-5>o 

[0 0 8 2] fife. 4 4©3tigl*. H2 1|CjF 

<E»ss-c*a^- ^©*3*«^-r*^i:i-«fey» 

fl,S{*4 4A<S-©ffigfe»ji^Si:^y. S*MI=*?L 

m**©*©4<»^a>i*jfflffiHfi:fty. M-p^ge^mi- 

[0 0 8 3] f LT, c© c fc5'i«fi£©-tr>-y-«T-2(r 
teL^r. «-a>rtfflsgBf6rt©afi«a2 2 irsmma 

2 4 ^©FbI©^^**^ 2 0 3mV (5 0 0°0 |C^C^> 

6. 1 8fHi=fflJta-t+Lft£;h-&mErt<4flffl£;h~ Ml- 
14. m-©ttm^6*)^>^-b;u$«JjE-r-5l*)gP'-K>^ 

ma 2 8 hWmW&Z 4<t©Ri]©g«*)ri<. 4 4 9mV 

( 7 o o °c) \zt±z>£.5 iz mfeomiztfum $ ttfctt® 

Trli. Ei 1 6lz^$^-5«fe 51-. NOiSgt^^^SS 
(I p) ttm.&mzUitTtZ><DT<&&* tSoT. A^^> 
lpl*a£«Ctl:J: l J. NOjt«*Jffl4Cfca«-c 
#-5©X?fe-S„ 

[0 0 8 4] ^Efc\ @1 5IC*$4li>-b>-9-SlT-©«fig 

l-*n^.r. Mic. m=©ffifMtg¥g4 4©^7LS^it 

rticNOxS7cM^^s»-B-L,tofcy. m-©rts^fifr 



[008 5] Jt,!:. S-rortSBffiBrertirBBBSfifc: 

11(16, 2 2) tm-(D«g|5^Bf (B-<73ffitfe#il 
fltf>S« (2 8) li, WbONO xJItcTJ 

©msa*, ruiN (m-<»rtSB^RiT6rtcoms) ^ (is 

-CDflgB£fifrftCDtt*i) <!:&£> ck-pl-^ft-StCD 

^«©1S± (2 8) l=NOxa5E*«tJl*ESLr 
[0 0 8 6] fit. Sip**X#A7L<7){4 

t. **#x©ast,* a-rortsuffiHrertoaisaa 

[0 0 8 7] Sfc. ADgfi^Si: Ltli. *-<DrtSSffiBr 

4 4) fto)n&%ig.t<DMmtf. nsi. (m-co^gp^ 
Rff6 rtwss) < cm— rortgp^pjfrtwii^) scj «t 

[0 0 8 8] £t>lC *SEIBlc«e5NOx-fe>+H-35o 
[0 0 8 9] t6^, A^-SEl 1 7 -fc^ 

-y-ffH^ii, @2<D-tr>-y-JS§T<hl^*§i::, K-ocomm* 

J- IsB^t^ftmWWMWM 4 a , 4 b, 4 c, 4h, 4 

icfc ut±*n t, a © 4 b ©5fe4sa5 

T, -tr>-y-«^-2<7)5fe4ggPI~^P-r.5, R)T£cD&iS,*Stn 
S*r*«fflW<C¥fiffilW5 0!6«, Bfffi«l=T, -fe>-y-* 

X^FfcSRIJI-IJfl □ 1± L tt> t>*lT I* 3 <D T- & -5 „ 
[O0 9O] fit. *<D¥S£fH5 OrtCUi, ^-<7>M 



8#, EfS-feLtfJt.ftTl^o 

[0091] cztm*, iipSfiiAiBio 
*<, gftiill 4 h ro^^gpicJ: or»i$ix. -tz 
>-y-*^2<D*amijw4igpicfcurMP l, *«i::aa 

i±Ltf)t)^rt^S„ SI-, CCDS*^m#Aii^1 01*3 
iclst, S¥ia2 4id<El$*i. ¥*I£IH5 ortlzgi-f- 
&*ifcISlS2 2 crtDfyjlcfc^T, «ftfc¥W-b 
-fe;u£aj£^-S<!:*l::, rt.>^ififfl-oi Lttiffi 

l, rtSP/K>^ma2 8t«iz. a=©«snt¥M#> 

^^u^j^&cfc^l-fcoTl^o 

[0 0 9 2] frfr&m 1 7IC^^F^^)NO x-fe> 

"tl-CDffiCDgC^-lot, 9cft-&Z>m2lZ7ji£ilZ>NO x-tr>+(- 

T, P«<EKKI**IIS-r*wt4:-r«. -fe>+Hft 
^ 2 rtlcKIt 5 O^aaaSMIAaai 

$ga>fg 1 o m&ifm -\ imizmmzjjkztix^&t^h 

[0 0 9 3] jfcfc, g| 1 8lCli, ±2Lfcll 1 7|-^$ 

y, ^-c-eii, spasms ocDSBPgpwic, RffSc7)ffiSx 

«tt£*-r***LRa5 2jb<3SaaF*lTl*4. dcDcta 

ta&KKW 5 2 ^ii tr, rtaoaaaar^afcaiw* 

<b, «a56#X*, Rlr^cDfeixtSttcDTI-:, spaffilW 5 

CO-¥»HC*0)5(6jBrit»*<»*fl.Ki*5 
[0094] ^^ic, ±j$Lf=NOx1z>-9-«)f^M<Dft 

mzeoo°ciznm-t^t. m-nto^memzmi- 

itltzP t «S ( 1 6) 1st, IS 1 o-6 a t ma±o)&m 
»ETlr*5L\r, NOx ^STC-tt Lft^tfLN-^, m— 
OTrtSB^fiff 8l*9l-tSI-f€>;tl.fcR hfi (2 8) !?(*, 1 
0~5 a t mJ^TCD^m^ETIcfcL^T, NOxA<SS-ti- 
L#t>b^-5cDT-35i.o ftoT, m-<DP*?SPSBr6rt(D|? 
Ha*c7)^«^lE^ i 0"6 a tmlU±i:^L, R^M- 
COP^gP^ST8l*5CD|?am*(D^^E^ 1 0"5 a t mlii 



sum ceoo'ctt. nox ©ais4< wflg t & -s ro-r? 

[009 5] gEfc. MiZ&L/cct 5 AulS, Au/ 

#£££&<DT?&6 0 Ptl:i%0Au$t^£ 
•^AMUD*^* ;SI^8 0 0°Ctt1 0-15 a t mT * 
NO x6<a7c£ft£^fc«>. m-<&W^£f9r<Z>;Sg£8 
0O°C. K*»EES1 O-10 a tmCL, ll-^F^^ 
f?f<£>;£Jg£6 O 0°C. g£it#QE£ 1 0-10 a t m(Cgf 

[0096] ui 9i4. 6 o o°c<Dm(Dj&mtitmm y A 

*ft&lf. A^S»-(Dn«ffiBf6l*ia)M*»EEtt. s& 
1 0~4 a t m<k y % ZCDtz&b, (Dftgp 

^3f6rt"ei4. no xliitTcJ+i^l^o m~ OS 

-t(D=ffi»HO)tt*»EEI*. Kl 0-11 atmtft 
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